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Electromyographic techniques are ex-
tremely useful when there is only minimal 
denervation, in the detection of early lower 
motor neurone regeneration, and in the 
diagnosis of rare syndromes such as 
myotonia and myasthenia gravis. Another use 
of electromyography is the detection of iso-
lated motor unit potentials which may provide 
evidence of the continuity of a nerve in what 
appears to be a complete lesion. 
Nerve fibres conduct impulses by depolari-
zation. Normally there is 3 high concen-
tration of positively charged ions on the out-
side of the axon and negatively charged ions 
on the inside. As the nerve impulse passes 
along the axon the polarity of these charges 
is reversed, the outside of the fibre becoming 
negatively charged for a brief instant. These 
changes in electrical potential can be studied 
if suitable apparatus is available. The con-
traction of muscle fibres singly and in com-
bination with others also produces electrical 
potentials in the same way, and it is these 
potentials that are of assistance in the 
diagnosis of neuromuscular abnormalities. 
APPARATUS 
The main components of the electromyo-
graph are: 
(1) A concentric needle electrode which 
is an ordinary hypodermic needle with an 
insulated wire down the centre. Two wires 
lead from this to (2) a powerful amplifier 
which receives the minute electrical impulses 
gathered by the needle electrode, amplifies 
them and then passes them to (3) a loud-
speaker and (4) a cathode ray oscilloscope, 
which is similar to a small television tube, 
Finally there is (5) a stimulator coupled to 
the electromyograph so that nerves can be 
stimulated and the subsequent muscle activity 
studied. This also permits measurement of 
the velocity of conduction along a nerve. 
Sometimes surface or skin electrodes are 
used to .study the electrical potentials pro-
duced by muscle but these are neither as 
accurate nor as selective as a needle electrode. 
The electromyograph is so sensitive that it 
picks up and amplifies any extraneous elect-
rical potentials, making it necessary to earth 
or screen the patient. 
ELECTROMYOGRAPHY OF NORMAL MUSCLE 
Normal muscle will not have any electrical 
activity present whilst at rest, and on volition 
there will be gradual recruitment of more and 
more motor units until there is what is 
known as a "complete interference pattern" 
composed of normal units. Normal motor 
unit potentials are diphasic or triphasic 
potentials of about 5-10 msec, duration with 
an amplitude of 1-2 mv. and a frequency of 
240 per second. A complete interference 
pattern is present when the base line of the 
oscilloscope is completely broken up. Where 
the base line is not completely disturbed be-
cause of insufficient motor unit activity, the 
terms "reduced interference patterns'" and 
"discrete motor unit activity" are applied. 
ABNORMAL ELECTRICAL ACTIVITY 
Abnormalities fall into three main groups: 
1. Diseases involving the spinal cord and 
anterior horn cells, known as "myelo-
pathies." 
2. Diseases or injuries of peripheral nerves, 
the "neuropathies." 
3. Diseases affecting the muscle fibres 
themselves, the ^myopathies." 
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I think you may find the analogy of an 
orchestra a help. One can imagine the con-
ductor to be the higher controlling centres 
in the brain and spinal cord. The players 
are the anterior horn cells and peripheral 
nerves, and their instruments are the motor 
units; finally, the strings or reeds of the in-
struments are the individual muscle fibres. 
Groups of muscle fibres form the motor units 
each of which is under the control of an 
anterior horn cell. Under normal conditions 
there is complete silence until the conductor 
moves his baton. Then he can call on any 
particular player or group of players, chords 
are played with precision and crescendos are 
gradual or abrupt, just as he wishes. In 
healthy muscles there is complete silence at 
rest, and on volition the controlled recruit-
ment of normal motor units. Spontaneous 
noises will only occur when either the players 
or their instruments are at fault. If a player 
is sick we are liable to hear peculiar noises 
from his instrument at odd and irregular in-
tervals. This is what we find in myelopathy 
where anterior horn cells are sick and dying: 
spontaneous irregular thuds are heard and are 
fasciculation potentials. These are produced 
by contractions of simple or complex motor 
units which are visible as twitches in the 
muscles. 
In the case of Parkinson's disease the 
tremor produces rhythmic electrical activity 
which can be heard, but this type of 
spontaneous activity is somewhat influenced 
by cortical control. Fibrillation potentials 
are small, very brief potentials which usually 
occur at a frequency of 2-6 per second and 
are heard as faint regular clicking noises. 
Positive potentials are also quite small, not 
so sharp in the second or negative phase as 
fibrillation potentials, and they are not found 
so often. They again are spontaneous and of 
regular frequency. Both these types of 
potentials are found in denervated muscle and 
can be likened to the strings or reeds of the 
instruments misbehaving because the players' 
fingers have lost control* 
In the condition of neurapraxia, where 
something has interfered with conduction 
along the axons at one point only, there is 
complete silence both at rest and on volition. 
This could be likened to the players' fingers 
being frozen; there is no sound from the 
orchestra but all will be well in a short time. 
In this situation a suitable external stimulus 
below the level of the lesion can produce 
normal sounds from the muscles* 
In a patient with disease of the muscles 
themselves, there will be no resting activity 
unless myotonia is also present, and then 
there will be high frequency discharges which 
are described as musical or "dive-bomber" in 
character. These could be likened to in-
struments in the orchestra breaking strings. 
Where there is death of individual muscle 
fibres the normal diphasic potentials become 
broken up and of short duration. On volition, 
this results in a typical crackly sound instead 
of the normal rumbling sound. Again con-
sidering the orchestra, I would liken this to 
the players using damaged and out of tune in-
struments. 
In the most common example of myelo-
pathy, that is motor neurone disease, we find 
that the gradual death of the anterior horn 
cells leads to the denervation of certain motor 
units. By careful searching, it is usually 
possible to elicit some fibrillation potentials 
and on volition large polyphasic motor units 
appear without the usual gradual recruitment 
of smaller units. The paucity of fibrillation 
potentials and these extremely large and com-
plex motor units is explained by the fact 
that healthy nerve endings, when lying in close 
proximity to denervated muscle fibres, are 
stimulated to branch out and reinnervate these 
fibres. This means that one anterior horn 
cell now controls a much larger amount of 
muscle. This is as if the healthy remaining 
members of the orchestra were endeavouring 
to play more than one instrument at a time. 
Many complex motor units are of long 
duration, perhaps requiring 10-15 milli-
seconds for all the muscle fibres to contract. 
This is known as dispersion in time or 
temporal dispersion. Such dispersion is 
found when degeneration or regeneration of 
nerve endings is taking place, 
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ELECTROMYOGRAPHY IN PERIPHERAL NERVE 
LESIONS 
There are frequent requests to examine 
patients after injury to ascertain if there is 
a nerve lesion present, and if so, whether it 
is complete or partial. There may be the 
request to try to elucidate the level of the 
lesion and whether any recovery is occurring 
The usual routine, after clinical examination 
has been completed, is to stimulate nerve 
trunks with current pulses of 0.3 msec. 
duration. The amount of current required 
and the responses in the muscles are compared 
on the good and the injured side. This gives 
a helpful guide as to which muscles require 
closer study. Then individual muscles are 
tested, using an abbreviated intensity-duration 
curve; only two pulse durations, the 100 msec. 
and the 1 msec, pulses, are employed. If more 
than twice as much current is required by the 
short duration pulses to produce a minimal 
contraction, then one is justified in assuming 
that some degree of denervation is present. A 
needle electrode is then inserted into the rest-
ing muscle and a careful search made for 
fibrillation or positive potentials. If these are 
found this is proof that denervation has 
occurred. One then explores the muscles for 
electrical activity whilst urging the patient to 
make full voluntary efforts. If any motor 
unit activity can be elicited and there is no 
doubt that it comes from a muscle supplied 
by the injured nerve, then a complete 
lesion is not present and the prognosis is 
therefore better. Highly polyphasic, long 
duration potentials are evidence that recovery 
is probably taking place, and these can usually 
be found some weeks before there is clinical 
evidence of voluntary contractions. Further 
exploration in a week or so may reveal an 
increase in the number of complex motor 
unit potentials and a decrease in the number 
of fibrillation potentials present in the muscle. 
This is confirmatory evidence that reinner-
vation is occurring. 
If it is desired to find the level at which a 
partial lesion of the nerve has occurred, the 
nerve is stimulated at various points along its 
course and the time taken for the stimulus 
to travel along the nerve and to cause a re-
action in the muscle is measured. For ex-
ample, if there is weakness in one hypothenar 
eminence, an electrode is inserted into these 
muscles and the ulnar nerve is stimulated at 
the elbow and at the wrist; the delay between 
the stimulus and the reaction is then measured 
by means of the time base of the oscilloscope. 
By comparison with the findings from the 
normal arm, it can then be ascertained 
whether the delay in conduction time has 
occurred at the elbow or at the wrist. Normal 
human medullated axons conduct at a rate of 
100 m/see. or in our terminology, 100 mm/ 
msec. Smaller non-medullated fibres conduct 
impulses at about 1 mm/msec. Any factor 
which affects the nutrition or vascular supply 
of the myelin sheaths, reduces the diameter 
of the axoplasm or affects the health of the 
anterior horn cells will cause slowing of the 
conduction velocity. 
The anterior horn cells are considered to 
act like a pump, maintaining a pressure of 
axoplasm along the axons. This theory is 
of great assistance in understanding the re-
generation of damaged nerves. There are 
many factors which hinder the recovery of 
normal function, the chief of which are: 
1. Retrograde degeneration with possible 
death of anterior horn cells if the lesion 
is near the spinal cord. 
2. Distal degeneration and atrophy. 
3. Fibrosis in muscles and joints. 
4. Fibrosis at the site of injury. 
5. The complexity of peripheral nerves. 
There is some decrease distally, but a 
single nerve bundle to a muscle has a 
great number of afferent fibres as well 
as several kinds of efferent fibres. 
6. Cross-reinnervation. This is an interest-
ing phenomenon and can be clearly 
demonstrated by the electromyograph. 
The growing axon of one anterior horn 
cell reinnervates the wrong muscle, and 
freak findings, such as motor units in 
the biceps obviously under the control 
of the respiratory centre following a 
neck injury, have been described. A 
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more common example is the twitching 
of the mouth as the patient blinks, seen 
after an attack of Bell's palsy. What is 
heartbreaking for the physiotherapist is 
when axons intended for extensors find 
their way into flexors, and vice versa. 
All these points should not deter the physio-
therapist from the important task of re-
education of muscles, and perhaps of the 
spinal cord. 
Finally, brief mention may be made of the 
diagnosis of myasthenia gravis. This necessi-
tates nerve stimulation and observation of the 
resulting muscle potentials. Injections of 
decamethonium and "Tensilon" are given and 
their effects are noted. This is a complicated 
procedure and requires the services of a 
competent anaesthetist. 
This is only a brief survey of the whole 
field of electromyography but there is now 
a considerable amount of literature which can 
be perused by those interested. 
RECOMMENDED FOR FURTHER READING 
RICHARDSON, A, T„ WYNN PARRY, C. B. (1957): 
The Theory and Practice of Electrodiagnosis, 
Parts 1 and 2. Aim. pkys. Med.9 4 : 3 and 
41. 
BAUWENS, P. (1958): On the Fringes of Electro-
diagnosis. Proc. roy. Sac. Med., 51 :725. 
